Lunar “Volatile and Mineralogy Mapping Orbiter (VMMO)” Mission by Gao, Yang et al.
70th International Astronautical Congress (IAC), Washington D.C., United States, 21-25 October 2019.  
Copyright ©2019 by the International Astronautical Federation (IAF). All rights reserved. 
IAC-19-A3.2B.6x50377                           Page 1 of 7 
IAC-19-A3.2B.6x50377 
 
Lunar “Volatile and Mineralogy Mapping Orbiter (VMMO)” Mission 
 
Yang Gao1,*, Roman V. Kruzelecky2, Piotr Murzionak2, Jonathan Lavoie2, Ian Sinclair2, Gregory Schinn2, 
Craig Underwood1, Chris Bridges1, Roberto Armellin1, Andrea Lucca Fabris1, Edward Cloutis3, Johan 
Leijtens4, Roger Walker5 and Johan Vennekens5 
 
1Surrey Space Centre, University of Surrey, Guildford, GU2 7XH, UK 
2MPB Communications Inc., 151 Hymus Blvd., Pointe Claire, Québec, H9R 1E9, Canada 
3University of Winnipeg, 515 Portage Ave. Winnipeg, Manitoba, R3B 2E9, Canada 
4Lens Research & Development, s’Gravendijkseweg 41B, 2201CZ Noordwijk, The Netherlands 
5ESTEC European Space Research and Technology Centre, Noordwijk, Netherlands 
*Corresponding author yang.gao@surrey.ac.uk  
 
Abstract 
Human spaceflight to/on/from the Moon will benefit from exploitation of various in-situ resources such as water 
volatile and mineral. Evidence for water ice in Permanently Shadowed Regions (PSRs) on the Moon is both direct 
and indirect, and derives from multiple past missions including Lunar Prospector, Chandrayaan-1 and LCROSS. 
Recent lunar CubeSats missions proposed through the Space Launch Systems (SLS) such as Lunar Flashlight, 
LunaH-Map and Lunar Ice-Cube, will help improve our understanding of the spatial distribution of water ice in those 
lunar cold traps. However, the spatial resolution of the observations from these SLS missions is on the order of one 
to many kilometres. In other words, they can miss smaller (sub-km) surficial deposits or near-surface deposits of 
water ice. Given that future lunar landers or rovers destined for PSRs will likely have limited mobility (but improved 
landing precision), there is a need to improve the spatial accuracy of maps of water ice in PSRs. The VMMO 
(Volatiles and Mineralogy Mapping Orbiter) is a semiautonomous, low-cost 12U lunar Cubesat being developed by a 
multi-national team funded through European Space Agency (ESA) for mapping lunar volatiles and mineralogy at 
relatively high spatial resolutions. It has a potential launch in 2023 as part of the ESA/SSTL lunar communications 
pathfinder orbiter mission. This paper presents the work carried out so far on VMMO concept design and 
development including objectives, profile, operations and spacecraft payload and bus. 
Keywords: Lunar orbiter, CubeSat, ISRU, water ice, lunar meteorology. 
 
Acronyms/Abbreviations 
• Canadian Space Agency (CSA) 
• European Space Agency (ESA) 
• Lunar Cubesats for Exploration (LUCE) 
• Volatile and Mineralogy Mapping Orbiter (VMMO) 
• Lunar Volatile and Mineralogy Mapper (LVMM) 
• Compact LunAr Ionizing Radiation Environment 
(CLAIRE) 
• Permanently Showed Region (PSR) 
• 10 cm x 10 cm x 10 cm Cubesat unit (1U) 
• Signal to Noise Ratio (SNR) 
• Ground Sample Distance (GSD) 
• Commercial-off-the-shelf (COTS) 
• Altitude and orbit control system (AOCS) 
• On-Board Data Handling (OBDH) 
 
1. Introduction 
Studying and understanding of available in-situ 
lunar resources, such as ilmenite, implanted hydrogen, 
and water ice are crucial to assist future sustained 
manned presence on the Moon, both as an observatory 
of our Earth and the Universe, or as an intermediate 
stepping point to the outer planets in our solar system. 
In particular, there is a strong interest in the potential 
resources and volatiles that may have been transported 
to the Moon through impacts by asteroids and comets 
and become trapped in the permanently-shadowed lunar 
polar regions, as suggested by experimental data 
returned from past missions like NASA's Lunar 
Reconnaissance Orbiter (LRO), Lunar CRater 
Observation and Sensing Satellite (LCROSS), and 
India’s Chandrayaan-1 [2,3].  
International planning for potential human missions 
to Mars can benefit from tapping the local in-situ re-
sources to make oxygen and propellant for launching 
the return ship back to Earth. As an intermediate step, a 
lunar precursor mission is a convenient location to test 
such in situ resource utilization (ISRU) technology. 
However, these are very risky to explore through 
surface operations due to the temperature extremes to 
40K or lower that may be encountered.  The volatile 
inventory, distribution, and state (bound or free, evenly 
distributed or blocky, on the surface or at depth, etc.) 
are crucial for understanding how these molecules 
interact with the lunar surface, and for utilization 
potential. 
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Prior orbital and landed lunar missions have 
provided us with a broad overview of lunar surface 
geology, and this knowledge has been augmented by 
returned lunar samples from the prior Apollo and Luna 
landed sample return missions and recovered lunar 
meteorites. The lunar surface is composed of variable 
amounts of ilmenite and related oxide minerals, the 
more abundant silicate minerals, and nanophase iron. 
While the evidence for lunar water ice in permanently 
showed regions (PSRs) is also compelling, major 
uncertainties exist in terms of its lateral extent and 
vertical distribution in the regolith, presence of surficial 
concentrations, and the lunar diurnal water cycle.  
These uncertainties require new, future lunar 
missions to help address, particularly low-cost missions 
that can be achieved more rapidly compared to 
traditionally large and expensive projects known as 
primary missions. The maturation of mini- and micro-
satellites over the past 40 years has allowed space 
science to be carried out in lower cost missions. In more 
recent years, the space community has started to 
consider using even nanosatellite platforms (such as 
CubeSats that are typically within a few tens of 
kilograms) for scientific endeavour in the solar system. 
Robotic exploration of the solar system using 
nanosatellites is attractive because of their lower cost, 
less stringent risk posture, and a shorter development 
schedule compared to traditional primary science 
missions. For example, planned lunar missions using 
CubeSats led by NASA include the Lunar Flashlight, 
LunaH-Map and Lunar Ice-Cube will help improve our 
understanding of the spatial distribution of water ice in 
lunar cold traps. However, the spatial resolution of the 
observations of these planned CubeSat lunar missions is 
on the order of one to many kilometres (relatively low). 
Given that future lunar landers or rovers destined for 
PSRs will likely have limited mobility, there is a need to 
improve the spatial accuracy of maps of water ice in 
PSRs. The VMMO lunar CubeSat mission called, 
among the two winners of ESA’s SysNova Challenge 
on LUnar Cubesats for Exploration (LUCE), will be 
able to achieve such goal. 
 
2. Mission Objectives & Payloads 
The proposed mission aims to address several key 
aspects of future lunar exploration:  
2.1 Lunar Resource Prospecting: Mapping the 
location of relevant in-situ resources and volatiles in 
sufficient quantities to be operationally useful (fuel, life-
support) for future sustained surface missions.  
The VMMO’s primary science payload (Lunar 
Volatile and Mineralogy Mapper or LVMM) is a 
miniaturised laser instrument that would probe 
Shackleton Crater, adjacent to the South Pole, for 
measuring the abundance of water ice. It uses a dual-
wavelength chemical lidar at 532 nm and 1560 nm 
(1064 nm optional) at relatively high SNR to improve 
the sensitivity to small changes in the water/ice content 
of the regolith. Scanning a 10m-wide path, LVMM 
would take around 260 days to build a high-resolution 
map of water ice inside the 20 km-diameter Shackleton 
Crater. LVMM would also map lunar resources such as 
ilmenite (TiFeO3) as it overflew sunlit regions, as well 
as monitoring the distribution of ice and other volatiles 
across darkened areas to gain understanding of how 
condensates migrate across the surface during the two-
week lunar night. 
This mapping of water ice in PSRs and volatile 
migration using laser illumination at 532 nm and 1560 
nm is carried out in Action Mode during the lunar night 
to mitigate the solar background, with 4 m by 44 m 
GSD including CubeSat jitter with nominal SNR >100. 
The mapping of lunar near-surface mineralogy and 
ilmenite in-situ resources is carried out under the 
Passive Mode during lunar day with the lasers off using 
the reflected solar illumination, through multispectral 
measurements near 290 nm and 532 nm in the UV/VIS 
and at 1064 nm (optional) and 1560 nm in the short-
wave infra-red (SWIR) spectral ranges. The imagers 
will be used to provide a cross-track multispectral line 
scan in 87 binned pixels with a 24 m x 24 m ground 
sampling distance (GSD). 
Table 1 lists the relative ratios of spectral reflectance 
with fibre laser emitting at the chosen wavelength. It is 
evidential that good discrimination is possible for 
ice/snow and the various relevant minerals using the 
R(1060)/R(530) or R(1560)/R(530). Generally, the 
surface will be a mixture of the lunar regolith and ice, 
resulting in a reduced infrared absorption by any ice due 
to its reduced concentration. There is some overlap in 
R(1060)/R(530) for snow relative to mineralogy such as 
Pyroxyne. In this respect, using the R(1560)/R(530) 
ratio provides better discrimination. This ratio also 
provides higher measurement sensitivity for small 
fractions of ice in the regolith [1]. 
Table 1: Discrimination of volatiles (water/ice) and 
minerals using dual-λ chemical lidar 
Sample 
R(1560)/
R(1060) 
R(1060)/
R(530) 
R(1560)
/R(530) 
Glacier Ice 0.500 0.069 0.034 
Coarse-grained snow 0.034 0.611 0.021 
Fine grained snow 0.098 0.845 0.082 
Reddish-brown 
Pyroxene 
4.375 0.571 2.500 
Light-brown Pyroxene 4.286 0.500 2.143 
Olivine B 2.818 0.478 1.348 
Plagioclase 0.978 0.742 0.726 
Basalt (<45um grain) 1.028 1.059 1.088 
Ilmenite (<45um grain) 0.857 1.750 1.500 
Anorthosite 1.000 0.921 0.921 
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A 3-D model of the LVMM Chemical Lidar System is 
shown in Figure 1. It consists of dual fiber-laser 
illumination sources at 532nm/1064nm and at 1560nm 
(3W optical power each), a multiband optical receiver 
with 9 cm primary optical aperture and the supporting 
avionics. The net mass with 15% margin is about 6.1kg. 
 
 
Fig 1: 3D model of LVMM  
 
2.2 Lunar Environment and Effects: Measuring 
radiation, lofted dust and diurnal temperatures in the 
cis-lunar environment to support planning for future 
manned missions.  
A secondary radiation-detecting payload (Compact 
LunAr Ionizing Radiation Environment or CLAIRE) 
would build up a detailed model of the radiation 
environment for the benefit of follow-on mission 
hardware as well as human explorers.  
CLAIRE draws on heritage from the MuREM and 
RM payloads, flown on the UK’s TDS-1 spacecraft 
launched in 2014 to measure the medium-high LET 
particles, TID and instantaneous dose-rates. It also 
draws experience from the Surrey ZENITH payload, to 
measure the low-medium LET channels (Fig. 2). 
CLAIRE’s power consumption is <2W and its mass is 
<1 kg, including shielding. The payload is 
approximately 10cm x 10cm x 6cm – i.e. ~ 0.6U [4]. 
 
 
Fig 2: MuREM payload Particle Detector Board (left) 
and ZENITH payload (right) 
 
2.3 Lunar Explorations Technology: Developing 
enabling technologies for beyond-LEO CubeSats. 
VMMO adopts a low-cost 20kg 12U CubeSat 
design, incorporating beyond-LEO navigation 
methodology and sensor suite as well as qualification of 
COTS electronics and semi-autonomous operations for 
CubeSats in the cis-lunar environment. The laser 
payload offers a dual use to demonstrate high-speed (to 
100 Mbps) and 1560nm optical downlink to an existing 
optical ground station. 
 
3. Mission Profile & Operation 
VMMO has been designed for a potential flight 
opportunity within the Lunar Communications 
Pathfinder Mission currently being developed by Surrey 
Satellite Technology Ltd. (SSTL) and Goonhilly in 
partnership with ESA.  
The VMMO CubeSat would be injected by a mother 
spacecraft into a nominal high-eccentricity lunar orbit. It 
would then use its on-board propulsion to attain the 
desired operating lunar orbit.  
The mission operation consists of the following 
sequence, as shown in Figure 3. The envisaged different 
operational modes are also listed in Table 2. 
 
Table 2: VMMO operational modes 
Operational 
Mode  
Description  
Storage Mode  Stand-by mode during transfer from Earth to 
Release Orbit  
De-Tumbling 
Mode  
Ejection from carrier spacecraft (SS) and 
stabilization of the satellite  
Commissioning 
Mode  
Once in-orbit perform series of verifications of 
all subsystems prior to orbit transfer.  
Orbit Transfer 
Mode  
Thrust manoeuvring to get down to desired 
final orbit.  
Nominal/Float 
Mode  
Sun-acquisition mode, where solar panels are 
tracking Sun constantly  
Active Mode  Nadir pointing mode, during which we take 
images of the un-lit portions of the moon using 
LVMM Chemical Lidar Instrument  
Passive Mode  Nadir pointing mode, during which we take 
images of the sun-lit portions of the moon 
(lasers are off)  
Communication 
Mode  
Communication link with the nearby Lunar 
Orbiter  
Potential for direct to Earth communications 
(X-band or optical at 1560 nm)  
Laser 
Communication 
Mode  
Optical communication downlink with Earth 
ground station  
Safe Mode  Sun-acquisition mode, during which some sub-
systems might be off or non-functional  
 
• Step 1: After launch from Earth, the mission will 
take some time before the mother spacecraft Lunar 
Orbiter (LO) reaches its desired orbit around the 
Moon (approx. 15 days).  
• Step 2.1: The next step in the mission is to get from 
LO orbit to a Small Satellite (SS) release orbit at 
approximately 500 km altitude (approx. 15 days).  
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Fig 3: VMMO Mission Profile and Operation 
 
• Step 2.2: At this point the VMMO will be released 
from SS orbit. Once released VMMO will perform 
de-tumbling and initial health monitoring prior to 
manoeuvring into its final orbit (approx. 7 days).  
• Step 3: The manoeuvre length from the release orbit 
to VMMO final orbit is estimated to take 68 days 
using electrical propulsion.  
• Step 4&5: In the final orbit, VMMO will perform 
scientific measurements: Active, Passive and 
Radiation (approx. 260 days). Data transmission 
includes sending data to Earth via the LO relay or 
via a direct optical downlink.  
The total mission duration is expected to be 
approximately 1 year. 
 
4. Spacecraft Bus Design  
Figure 4 shows the latest configuration of the 
VMMO 12U CubeSat, consisting of payloads (LVMM 
and CLAIRE), sets of deployable solar panels (one of 
them would be acting as a baffle for the LVMM 
payload), batteries, two electrical propulsion units, four 
reaction wheels with cold gas thrusters for momentum 
management, twelve attitude thruster nozzles, one star 
tracker, sun sensors, on-board computer and UHF and 
X-Band communication units and patch antennae.  
The VMMO Cubesat will facilitate the selection 
and TRL advancement of low-cost microelectronics 
(FPGA, SRAM, PROM and flash memory, A/D, D/A, 
multiplexers and relevant analog and digital electronics) 
for beyond-LEO space applications. The CLAIRE 
Radiation Effects Test Board will assess the 
performance of a range of relevant commercial-off-the-
shelf (COTS) electronic devices operating in a real lunar 
radiation environment by monitoring for single-event-
effects and power consumption changes due to total-
dose damage. This will allow direct correlations to be 
drawn between effects on the selected electronics test 
bed and the real measured environment. The VMMO 
Cubesat will develop and flight qualify in a relevant 
lunar orbit environment an altitude and orbit control 
system (AOCS) for semi-autonomous spacecraft 
operation beyond LEO. VMMO will also validate a 
hybrid electric/cold-gas propulsion subsystem to enable 
acquisition of the low-eccentricity frozen operating 
lunar orbit and de-spinning of the onboard reaction 
wheels. Table 3 shows the baseline design component 
selection for the VMMO CubeSat key subsystems.  
 
 
Fig 4: VMMO CubeSat Configuration 
 
4.1 Propulsion 
Different propulsion options have been considered for 
the orbital transfer from the initial 500 km circular orbit 
to the operative orbit. The selected propulsion 
LVMM Active Mode: 
•Condensed volatiles: lunar 
South pole (80oS to 90oS) 
permanently shadowed 
regions focusing on 
Shackleton crater 
•Volatile transport: Lunar 
night side (equator to South 
pole) 
LVMM Passive Mode: 
•Lunar in-situ resources 
such as ilmenite (equator to 
South pole) during the lunar 
day 
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subsystem for VMMO spacecraft comprises of the 
following: 
• Electric Propulsion for the orbital transfer 
• Cold Gas thrusters for the AOCS 
The initial trade-off study has considered three 
possible propulsions for orbital transfer of the mission: 
Cold Gas; Liquid Monopropellant - ADN (ammonium 
dinitramide) thruster; and Electric propulsion - FEEP 
(Field Emission Electric Propulsion). Based on the Δv 
requirement of 150-200 m/s, liquid monopropellant and 
electric propulsion are the viable options for the orbital 
transfer. Following a detailed trade-off analysis (factors: 
dry/wet mass, volume, impact on the attitude control 
system to compensate thrust misalignments, transfer 
time, power consumption), electric propulsion has been 
chosen. In order to mitigate the longer transfer time, two 
propulsion FEEP units are used to double the thrust. 
 
Table 3: VMMO CubeSat Bus Baseline Design 
 
4.2 AOCS  
As the pointing stability and controllability of a 
CubeSat is generally much less than for a bigger 
satellite, the required pointing has to be carefully 
considered. One of the main issues for a Lunar CubeSat 
is that one cannot use magnetorquers around the Moon 
as the magnetic field is very low and not a bipolar field 
as the Earth's magnetic field. In addition, the lunar orbit 
is outside the range of terrestrial GPS for orbit position 
verification. Therefore, the AOCS strategies have to be 
different. 
The proposed approach for the platform rotation 
stabilization will use a combination of miniature 
reaction wheels (x4) for the pointing, supplemented by 
the propulsion system for momentum management. The 
VMMO CubeSat pointing knowledge requirement is 
driven by the desired GSD (<10 m in best scenario) for 
the chemical lidar surface mapping. For a 26 km altitude 
the pointing requirement is ± 0.010o, while for the upper 
perilune limit of 45 km the pointing requirement needs 
to be less than ± 0.010o. Hence the attitude control 
analysis and attitude sensors and component selection 
were baselined to meet the pointing requirements (see 
Table 3). 
  
4.3 OBDH  
Data management is key to seamless and consistent 
operations. Most common CubeSat unit combines an 
ARM7 computer board, a sensor board & 
actuator/switch board to provide both OBDH and 
AOCS needs. There are no EU vendors that offer 
required reliability for the VMMO CubeSat and most of 
them focuse on the industrialisation in low Earth orbit. 
As with the NASA Lunar CubeSat missions, 
VMMO will utilise the ESA LEON3 processor system 
on a chip (SoC). The chosen architecture will be derived 
from the GR-XCKU Development Board, currently not 
released. This design contains a Xilinx XCKU060 (1156 
pin BGA package), 512M SDRAM, 4M SRAM and 
64M PROM for bootable operations. Further to this, the 
key interfaces of dual CAN and four SpaceWire ports 
(SpW) are also provided to provide both robust platform 
communications using 1 Mbps CAN and payload data 
handling using 10’s Mbps SpaceWire.  
For the internal System on a Chip (SoC) itself, the 
key IP cores will be: 
• ESA/Gaisler LEON3FT, Memory Controller with 
EDAC/ECC, SpW, CAN2.0B interfaces on the 
AMBA bus. 
• Xilinx XTMR and SEM core tools for handling 
reliability. 
• Satellite FDIR/Safety VHDL cores, and Payload 
specific cores in compression and analysis. 
 
 
Fig. 5. Gaisler GR-XCKU Typical Configuration 
 
 
Structures  •12 U Cubesat form factor (23 x 24 x 36 cm³)  
•< 24 kg total launch wet mass with margins 
(Mission Dependent)  
•ISIS 12U –XL Dispenser compatible  
Propulsion  •2x IFM Nano Thrusters (0.35 mN at 35 W each, 
total impulse of 10,000 Ns)  
•0.5 kg of propellant  
AOCS  •4x Reaction Wheels (RW0-03) Sinclair 
Interplanetary: Momentum 30 mNms,  
•8x RCS butane thrusters with 1.12 kg of propellant  
•ST-16RT2 star tracker (5 arcsec boresight RMS)  
•Lens R&D BiSon64-B sun sensors (x3)  
•SINPLEX MEMS IMU  
OBDH  •Radiation Tolerant LEON 3 system: Xilinx 
XCKU060, 512 SDRAM, 4 M SRAM and 64 M 
PROM  
Power  •2x GOMSpace Solar arrays, each with 3 panels and 
with IMT’s drive assembly  
•2x GOMSpace batteries (2x2600mah)  
•GOMSpace P60 EPS controller  
Comms  •Dual S-band transceivers (SSTL or ISIS) with 
omnidirectional S-band antennas  
Orbit  •Polar Elliptical Orbit (VMMO CDF) based on SSTL 
lunar orbit insertion (TBC)  
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4.4 Power  
In the VMMO mission, we have identified the need 
for 3.3V, 5V and a higher 24V needs for the payloads 
and thruster systems. Analysis was done for several 
operational modes including: 
• Thrusting Mode is the most demanding – 92.93 W 
(142.58W peak) 
o EP Thrusters at 72.33 W at 100 % 
o X-band at 39.3 W at 20% 
o LVMM Payload at 48 W at 6% 
o CLAIRE Payload at 2 W at 100% 
• Payload and X-band Communications – 27.09 W 
(111.18 W peak) 
Batteries and solar panels are sized appropriately (see 
Table 3). 
 
4.5 Communications  
CubeSat communications technologies to be flown 
in deep space missions have been under seriously 
development in the last nearly 10 years. Of note are the 
importance in understanding key organizational roles to 
achieve such communications, the spectrum and policy 
considerations, and the service expectation. At this point 
of the mission design, we focus on the technologies in 
three areas: 
• Compatibility: CubeSat and Deep Space Network 
(DSN), 
• Architectural: Supporting both Direct to Earth 
(DTE) and Proximity Communication Operations 
using variable rate CCSDS packet formats, and 
• Navigation: Specifically, Doppler Ranging and 
Delta-DOR systems. 
The IRIS Transponder from NASA JPL is a good 
starting point for the VMMO CubeSat. Table 4 below 
presents the evolution of requirements for the IRIS 
software defined radio (SDR) transponder for the 
INSPIRE NASA CubeSat. The IRIS SDR has been 
under development since 2012 and meets many key 
objectives including deep space environmental 
resilience and has notably grown in volume, mass, and 
power to accommodate mission requirements as NASA 
expanded its portfolio of interplanetary CubeSat 
missions. 
 
Table 4. IRIS Software Defined Radio 
CubeSat 
Compatibility  
DSN Compatibility  
< 0.5 U + Antennas  Full Duplex Doppler & 
Ranging  
< 500 g V1; 
1.2 kg V2.1  
TT&C on X-band only  
V1: 12.8 W DC,  
6.4 W receive  
Rad Tolerant Parts  
V2.1: 35 W DC  CCSDS Compatible  
RF Output: 3.5 W  62.5 bps - 256 kbps  
For VMMO, a new SDR transponder which is DSN and 
CCSDS compliant is under development at Surrey as a 
European alternative to the NASA IRIS System. The 
following design features are being considered: 
• Investigate the addition of Delta-DOR and 
Telemetry Ranging capabilities to 10 m accuracy, 
• Investigating the use of Xilinx UltraScale 7-Series 
FPGAs and Xilinx SEP technologies in combination 
with Flash FPGAs / scrubbers, which have been 
cited to be an alternative to using radiation hardened 
parts due to the extremely low SEU rates, and a 
return to COTS technologies, and 
• Add IP cores for channel optimisation and multiple 
channel support –  particularly in filtering and 
CDMA (Code Division Multiple Access) wideband 
technologies for mega constellation support. 
 
5. Conclusions  
The total mass of the 12U CubeSat is expected to 
be less than 24 kg, even with 15% margin, as shown in 
the Table 5 & 6. The volume of all components is 
within the required 12 U requirements. The mass 
distribution shows the payload at 33%, the power at 
24%, the AOCS at 13% and the rest is under 10%. 
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Table 5: Payload Mass, Power and Volume Budget 
 
 
Table 6: CubeSat Mass, Power and Volume Budget 
Subassembly Description 
Mass 
(kg) 
Peak Power 
Mode (W) 
Volume (U) 
Estimation 
Reference 
Payload 
LVMM and CLAIRE 
Instruments 
5.96 64.6 4.6 VMMO 
Attitude Control  
Star Tracker, Sun Sensors, 
Momentum Wheels, Gyros 
1 (TBC) - 1.5 (TBC) LWaDi 
Propulsion 
Thrusters, Propellant [Chemical, 
Electrical] 
[2 , 0.87] (TBC) [8 , 40] (TBC) [2.5, 1] (TBC) 
VMMO, 
Flashlight 
Thermal 
Radiator Passive Cooling, Active 
Heating (Heaters) 
0.5  15 (TBC) 0.24  VMMO 
Command & 
Data Handling 
S/C Data Processing and 
Management 
0.5 (TBC) 7 (TBC) 0.5 (TBC) LWaDi, IRIS 
Structure Main Structure, Solar Panels 6 (TBC) 70 (TBC) - 
LWaDi, 
VMMO 
Communications Antenna, Transceiver 1 (TBC) 10 (TBC) 1.0 (TBC) LWaDi 
Power 
Electrical Systems, Batteries, 
Conversion 
1.5 (TBC) 5 (TBC) 1.0 (TBC) LWaDi 
Totals  [Chemical, Electrical] [18, 17.1] - [11.3, 9.84]  
 
Subassembly Mass (kg) 
Power Active 
Mode (W) 
Power 
Passive 
Mode (W) 
Volume (mm3) 
Q7 Controller/Data Storage/Tray 0.6 3 3 100x140x20 = 0.28U 
DC-DC power 0.4 4.5 2.25 100x140x20 = 0.28U 
CLAIRE MuREM Sensor 0.5 2 2 100x100x60 = 0.60U 
MuREM Experimental PCB 0.12 1 1 100x100x15 = 0.15 U 
3W peak 530nm fiber laser [Peak Power] 0.7 17 [34] 0 110x140x25 = 0.39U 
3W peak 1560nm fiber laser [Peak Power] 0.6 5 [10] 0 110x140x25 = 0.39U 
MEMS scan Mirror 0.05 0.1 0 30x30x30 = 0.027U 
Laser beam combiner 0.05 - - 30x30x30 = 0.027U 
Laser beam expander (x2) 0.2 - - 2x 30x30x30 = 0.054U 
7.5 cm OD Fore/Imaging Optics 0.8 - - Ø75 OD x 125 = 0.48U 
SWIR HSX640RT OEM InGaAs Imager 0.09 3 3 41.5x38x39 = 0.062U 
VIS  Prime95B OEM CMOS Imager 0.25 3 3 50x50x50 = 0.125U 
Harness 0.3 - - - 
Radiator 0.2 - - 100x120x20 = 0.24U 
Payload Structure/Radiator 1.1 - - - 
Totals  
[Peak] 
5.96 kg 
[+20%=7.15] 
42.60 W 
[64.60 W] 
13.25 W 
3105 cm³ = 3.1 U  
[+50% = 4.6U] 
